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Abstract: Concentrated animal feeding operations (CAFOs) produce large amounts of
animal waste, which potentially pollutes air, soil and water and affects human health if
not appropriately managed. This study uses meteorological and CAFO data and applies an
air pollution dispersion model (CALPUFF) to estimate ammonia concentrations at locations
downwind of hog CAFQOs and to evaluate the disproportionate exposure of children, elderly,
whites and minorities to the pollutant. Ammonia is one of the gases emitted by swine CAFOs
and could affect human health. Local indicator of spatial autocorrelation (LISA) analysis
uses census block demographic data to identify hot spots where both ammonia concentrations
and the number of exposed vulnerable population are high. We limit our analysis to one
watershed in North Carolina and compare environmental justice issues between 2000 and
2010. Our results show that the average ammonia concentrations in hot spots for 2000 and
2010 were 2.5-3-times higher than the average concentration in the entire watershed.
The number of people living in the areas where ammonia concentrations exceeded
the minimal risk level was 3647 people in 2000 and 3360 people in 2010. We recommend
using air pollution dispersion models in future environmental justice studies to assess the
impacts of the CAFOs and to address concerns regarding the health and quality of life of
vulnerable populations.
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1. Introduction

Livestock farming has experienced significant changes in the last few decades: while the number of
small, family-owned animal farms has been decreasing, the number of large, industrial animal farms has
been increasing, similar to consolidation in other commercial operations, such as grocery and clothing
stores. According to the National Agricultural Statistics Service, 86% of all hogs raised in the U.S. in
2010 were concentrated 1n just 12% of hog operations [1]. Proponents of industrial agriculture argue that
concentrated animal feeding operations (CAFOs) provide a “low-cost source of meat, milk, and eggs, due to
efficient feeding and housing of animals, increased facility size, and animal specialization” and “enhance
the local economy and increase employment” [2]. However, numerous studies conducted in the last
15 years have shown that the rapid growth of CAFOs brought about a series of negative environmental
and human health effects [3—6]. The main source of air and water pollution is animal manure. Manure
contains a variety of nutrients and potential contaminants, such as nitrogen, phosphorous, pathogens
(e.g., E. coli), growth hormones, antibiotics, animal blood and chemicals used to clean the equipment [2].
According to some estimates, livestock animals produce three- to 20-times more manure than people in
the U.S. [7], and a hog farm with 1,000 animals produces 14,500 tons of manure each year [8]. It is
channeled from animal houses into pits or storage lagoons and eventually sprayed untreated onto nearby
fields, replacing commercial fertilizers. Regulations require that manure storage units be designed to not
leak into the groundwater (using concrete, clay soil lining or a metal structures). In addition, units must
not discharge to surface waters and must be inspected by state and, sometimes, federal regulatory agencies.

Manure storage facilities on livestock farms produce gaseous (ammonia, hydrogen sulfide, methane)
and particulate substances proportionate to the number or mass of animals housed. Ammonia is formed
during microbial decomposition of undigested organic nitrogen compounds in manure; hydrogen sulfide
is produced during anaerobic bacterial decomposition of sulfur-containing organic matter; and methane
is created during anaerobic microbial degradation of organic matter. Both ammonia and hydrogen sulfide
pose serious risks to human health at elevated concentrations, and methane contributes to climate change.
Ammonia irritates the respiratory tract and causes severe coughing, chronic lung disease and chemical
burns to the respiratory tract, skin and eyes [2]. Hydrogen sulfide causes inflammation of the membranes
of the eye and respiratory tract, as well as loss of smell [2].

A recent research found that odors produced by the CAFOs also have adverse effects on health and
quality of life [9]. The odors contain a mixture of ammonia, hydrogen sulfide, carbon dioxide and volatile
and semi-volatile organic compounds [6] and, according to a report [2], under certain atmospheric conditions
(with wind and little or no thermal gradient), can be detected as far as three miles away, sometimes up
to six miles away. Several studies have shown that intolerable odors prevent residents from opening
windows, spending time outdoors or inviting visitors, causing tension, depression, anger and anxiety
about deteriorating quality of life [10-13]. Other reports note that the growth of CAFOs has forced small
family farms out of business and altered local economies and communities [14,15].
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North Carolina experienced rapid changes in the livestock industry starting in the 1970s and now 1s
the second largest state (after lowa) in hog herd size, with 9—10 million animals [9]. Most hog CAFOs
are located in the eastern counties of the state. Multiple incidences of swine lagoon overflows and water
pollution caused by hurricanes in the 1990s led to public protests, and the state placed a moratorium
of new hog farms housing more than 250 hogs. Despite this 10-year moratorium (1997-2007) [16], the
number of hogs in the state “quadrupled between 1988 and 2010, while the number of farms fell by more
than 80 percent” (http://www factoryfarmmap.org/).

Several survey-based studies analyzed the health conditions of the residents [5,17,18]; other studies
documented disproportional exposure of low-income, minority communities in North Carolina to
CAFOs [15,16,19-22]. Disproportional exposure to environmental pollution is an environmental justice
issue. EPA defines environmental justice as “the fair treatment and meaningftul involvement of all people
regardless of race, color, national origin, or income with respect to the development, implementation, and
enforcement of environmental laws, regulations, and policies” (http://www.epa.gov/environmentaljustice/).
All environmental justice studies related to CAFOs in North Carolina were conducted for the entire state
and used the characteristics of CAFOs to represent potential pollution exposure. These studies used
census-based units of analysis (county, census tract or block group) and socio-economic data from the
census as analytical variables. Wing ef al. (2000) used Poisson regression and the number of swine
operations in the census block group as the dependent variable and the socio-economic characteristics
of the block group as independent variables. They found that areas with the highest poverty and the highest
percentage of minorities have the highest number of hog CAFOs per block group [17]. Wing et al. (2002)
calculated ratios of the proportion of blacks to the proportion of whites living in areas with CAFOs that
could be potentially flooded vs. areas not likely to be flooded [22]. They found that blacks were more
likely than whites to live in areas with CAFOs that could be potentially flooded. Edward and Ladd used
hog population per county as the dependent variable and county socio-demographics as independent
variables [20] and found that minority communities are disproportionately exposed to high hog populations
and that the relationship between income and hog population varies by region. A more recent study in
eastern North Carolina [16] compared demographics of census tracts within one and three miles of
CAFOs in 1990 and 2000 to random points within the same region. The results of this study showed that
areas near CAFOs have higher percentages of minorities, low-income and low education level residents.

One of the limitations of these studies is that CAFO characteristics (the number of facilities or the
number of hogs) are used as a surrogate measure of potential pollution produced by CAFOs. Our study
tries to address this gap in the literature and uses modeled pollutant concentrations in the air as a measure
of population exposure. We also use the smallest census-based unit of analysis, the census block, to
analyze environmental justice at a finer spatial scale than previous studies. We limit our analysis to one
watershed in eastern North Carolina and use longitudinal analysis to compare environmental justice
issues between 2000 and 2010 in the context of ammonia pollution exposure. We chose ammonia because
it is one of the most prevalent gases emitted by swine CAFOs.

None of the previous environmental justice studies in this area have analyzed the disproportionate
exposure of children and the elderly. Children take in 20%-50% more air than adults and therefore are
more susceptible to the health effects of air pollution [23]. Elderly people are more susceptible to air
pollution due to ageing [24] and because air pollution can aggravate existing health conditions [25]. We
include these populations in our analysis. Specifically, our study tries to answer the following question:
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Are children, the elderly, white and minority populations disproportionately exposed to ammonia
emitted by CAFOs in Contentnea Creek Watershed in North Carolina?

2. Study Area

Stretching across nearly 275 miles, the Neuse River is the longest river entirely contained in
North Carolina. In 1995, 1996 and 1997, it was continuously designated as one of North America’s most
threatened rivers, and in 2007, it was designated as one of the most endangered rivers in the U.S. [26].
CAFO pollution was named one of the leading causes of the river’s continuing pollution problems [26].
There are approximately 500 CAFO facilities housing about 1.8 million animals in the Neuse
River Watershed [27].

Our study is focused on the Contentnea Creek Watershed (4274.85 km?), a sub-basin of the Neuse
River. The watershed contains several counties (Figure 1) and has one of the highest concentrations of
CAFO facilities in North Carolina.
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Figure 1. Study area with swine CAFO operations.

Pork production historically has been an important part of agriculture in this part of North Carolina,
but it experienced an exponential growth in the 1990s. Population characteristics within this watershed
are similar to the population in North Carolina as a whole: both have about a 32% minority population,
about 20% of population below 15 years of age and about 13% of population over 65 years of age [28].
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3. Data

Animal operations data were downloaded online from the NC Department of Environment
and Natural Resources (NC DENR) Division of Water Quality website for 2010 (http:/portal. ncdenr.org/
web/wq/animal-facility-map). The data include the type of animal operation (swine, cattle, poultry and
horse), capacity, geographic coordinates, total animal weight in kg and the description of each operation.
Latitude/longitude information was used to map 195 swine CAFOs located in our study area (Figure 1).

Our goal was to use a spatial unit of analysis that would allow us to take full advantage of the spatial
resolution of the ammonia concentration data (1 km x 1 km pixels) and detailed demographic information;
the census block was the best option. We downloaded census block data from the U.S. Census Bureau
website for the entire state (census block boundaries, age and racial composition) for 2000 and 2010.
Poverty or income data were not included in the analysis, because these data are not publicly available
at the census block level.

Both CAFO and census data were projected into the NAD 1983 State Plane North Carolina coordinate
system. Census blocks located inside Contentnea Creek Watershed and within five miles outside its
boundary were selected for the analysis. Census blocks within urban areas were removed from the analysis
because CAFOs are located in rural areas. Boundaries of urban areas were obtained from the Census
Bureau (http://www.Census.gov/geo/maps-data/data/cbf/cbf ua.html). Uninhabited census blocks
were excluded, because our focus was on human exposure to air pollution. The final dataset included
3290 census blocks for 2000 and 3685 census blocks for 2010. The number of blocks is different between
the two years, because some census boundaries had changed.

Using 2000 and 2010 U.S. Census data, we calculated the number of people aged 65 and older, the
number of people aged 15 and younger and the number of white and minority people. Table 1 shows the
demographic data, and Figure 2 shows their spatial distribution. We used the actual number of people
within each population group in the environmental justice analysis (instead of percent per census block),
because it 1s a more relevant measure in the context of human exposure to air pollution.

Table 1. Demographic characteristics of census blocks in 2000 and 2010.

Year (# of Statistics per # of People under  # of People over  # of Minority # White
Census Blocks)  Census Block 15 Years of Age 65 Years of Age Population  Population
Min 0 0 0 0
Max 263 93 815 348
2000 (3290) Mean 8 4 12 28
Median 4 3 3 15
SD 13 6 29 38
Min 0 0 0 0
Max 263 149 725 482
2010 (3683) Mean 8 5 13 28
Median 4 3 4 15
SD 14 7 31 40
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Figure 2. Demographic variables from 2000 and 2010 Census: (A) population of children under 15 in 2000, (B) population of elderly over
65 in 2000; (C) population of minorities in 2000; (D) population of whites in 2000; (E) population of children under 15 in 2010; (F) population
of elderly over 65 in 2010; (G) population of minorities in 2010; (H) population of whites in 2010.
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4. Methodology
4.1. Modeling Ammonia Concentrations

Air dispersion models have been used to estimate concentrations of pollutants emitted by CAFOs.
Some studies modeled the dispersion of odor to define setback distances between CAFOs and residential
areas [29]. Other studies attempted to model ammonia and hydrogen sulfide near CAFOs [30,31]. One
study used the Industrial Source Complex Short-Term Model, version 3 (ISC-ST3), to model ammonia
dispersion and deposition from CAFOs in North Carolina by hydrologic unit and county [30]. This model
operates under the assumption that the concentration of the contaminant is defined by a normal,
or Gaussian, curve and has some known deficiencies; it does not operate well during stable or near-calm
conditions, and it cannot account for the effects of vegetation on concentrations, the effect of elevation
nor wind distribution [29].

Another study used the CALPUFF model to model ammonia and hydrogen sulfide emitted by CAFOs
in Minnesota [31]. The CALPUFF model accounts for variable wind directions and land cover pattern,
includes a calm-wind algorithm and can model dispersion from multiple facilities and over a complex
terrain. Due to these advantages, the “U.S. EPA has adopted CALPUFF as the preferred model for
assessing long-range transport of pollutants” [29,32].

Following the U.S. EPA’s recommendation [29,32], we selected CALPUFF to model ammonia
dispersion in our study. The CALPUFF Modeling System includes three main components: CALMET,
CALPUFF and CALPOST. CALMET is a meteorological model that develops wind and temperature
models as three-dimensional grids. CALPUFF is a transport and dispersion model that emits “puffs” of
material from modeled sources, simulating dispersion and transformation processes along the way. It
uses the information generated by CALMET, and temporal and spatial variations in the meteorological
grids are explicitly incorporated with the resulting distribution of puffs throughout a simulated period.
The output files from CALPUFF contain concentrations evaluated at selected locations, called receptors.
CALPOST is used to process these files and produce the summarized results of the simulation [33].

Three main types of data are required to run the model: hourly average meteorological data, facility
layout and dimensions and emission data. We purchased meteorological data (MMS file) from the company
that distributes the CALPUFF model (http://www.src.com/calpuff/calpuffl htm) and used it as input for
the CALMET meteorological model. Each MMS file covers a 120 km x 120 km area and contains a
10 x 10 grid with a spatial resolution of 12 km x 12 km. Our study area (Contentnea Creek Watershed
and areas within five miles) is covered by one MMS5 file. This grid contains hourly information for an
entire year, including wind speed and direction, temperature, relative humidity, pressure, mixing ratios
of water vapors, precipitation amount, solar radiation, snow cover, 2-m temperature and specific humidity,
10-m wind speed and direction and sea surface temperature. Only one MMS5 file was available for our area
of interest and time period, for 2006, so we used it to model ammonia emissions from CAFOs. To check
whether 2006 data are representative of weather conditions in the area, we obtained weather observation data
for three meteorological stations for 2000-2010: Goldsboro (latitude: 35.37935; longitude: —78.0448),
Greenville (latitude: 35.6352389; longitude: —77.3853194) and Rocky Mount (latitude: 35.89295;
longitude: —77.67996). Data included monthly average daily temperature, average wind direction, average
wind speed and total monthly precipitation. We compared monthly 2006 data with averages for the other

ED_002446_00000729-00007





July 29, 2019 EPA-HQ-2017-007907

ISPRS Int. J. Geo-Inf. 2015, 4 157

9 years for each station separately (2000-2005; 2006-2010). Our comparisons showed that there was little
difference between each month in 2006 and the corresponding values for the other 9 years for this month.
For example, wind direction for Greenville was west (265°) in March 2006, and in six out of nine years
it had a similar direction (ranging from 219° to 285°). Table 2 shows that there was little difference in
wind speed between 2006 and the average for the other 9 years.

Using MMS data, CALMET calculates 3D wind fields as 1 km x 1 km grids that are used as input for
the CALPUFF model.

Table 2. Wind speed (km/hour) averaged for 2000-2005; 2007-2010 and its difference
with 2006 wind speed for three meteorological stations in North Carolina [34].

Month Goldsbore Greenville Rocky Mount
Average 2006 Difference | Average 2006 Difference | Average 2006 Difference

January 572 531 041 3.60 4.35 -0.74 392 4.35 -0.42
February 6.37 4.67 1.70 4.20 451 -0.30 4.18 451 -0.32
March 3.36 4.67 -1.31 2.37 3.54 -1.17 1.97 3.54 -1.57
April 4.05 2.57 1.47 3.38 2.09 1.29 2.96 2.25 0.70
May 3.04 4.02 -0.99 3.02 2.90 0.13 292 3.54 -0.62
June 3.04 1.93 1.11 3.54 3.38 0.16 2.72 241 0.30
July 3.54 4.02 —0.48 3.38 4.35 -0.97 3.08 3.70 -0.62
August 2.45 1.45 1.01 2.50 1.29 1.22 2.04 1.77 0.27
September 4.87 1.29 3.58 3.38 0.16 3.22 3.50 0.64 2.86
October 332 3.22 0.10 1.97 1.77 0.20 1.95 2.09 -0.14
November 3.72 2.90 0.82 225 2.09 0.16 2.29 2.09 0.20
December 4.18 1.45 2.74 2.75 1.93 0.82 3.17 1.77 1.39

CAFOs emissions were modeled as area emissions (vs. point or line), because hog houses and lagoons
are more accurately represented as areas. We used the following procedure to calculate the dimensions
of each operation. First, we randomly selected ten CAFO operations in the area and used Google Earth
to draw their boundaries. Then, we calculated the total area of each CAFO (hog houses and lagoons together)
and explored the relationship between the total area and the corresponding total weight of animals at
each sampled operation. Our calculations showed that, on average, one kg of hog weight takes up about
0.1 m? of CAFO area. Using this conversion factor, we calculated the areal extent of each CAFO
operation, representing it as a square of a certain size. Each square was centered on the latitude/longitude
coordinates of the corresponding CAFO. Each CAFQO’s area size information, along with its elevation
above sea level, was put into the CALPUFF model.

Finally, to calculate ammonia emissions from each CAFO, we used ammonia emission rates reported
in the literature. A study by Aneja ef al. [35] reported that emissions from barns ranged from 0.89 to
1.05 kg-N/week/1000 kg x Im for the cold and warm season, respectively (Im = live animal mass). When
recalculated in different units (g/year), these emissions amount to 46.28-54.6 g-N/year/kg live mass.
This study also reported ammonia flux rates per minute per square meter of waste lagoon surface. Since
we did not have information about the size of each waste lagoon, we could not use the rates reported by
this study and instead applied emission rates that were calculated per year per live animal weight or per
animal, as reported in a study by Doorn ef al. [36]. This study, conducted by the EPA, recommended a
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general emission factor for hog houses of 59 + 10 g NHs/kg live weight/year and for swine lagoons, of
2.4 kg NHs/year/hog. We multiplied these rates by the corresponding numbers from the CAFOs table
(total live weight and the number of hogs at each operation, respectively) and added two emissions
together to get the total emissions amount per CAFO per year. We accepted CALPUFF’s default settings
and did not model the removal of the ammonia (wet deposition, dry deposition) or its chemical
transformation. The output from CALPUFF model was input in CALPOST to produce daily average
ammonia concentrations for the entire study area. It was then imported into ArcGIS software as a raster
grid with a pixel size of 1 km x 1 km. To calculate the average daily ammonia concentrations per census
block, we used the zonal statistics operation in ArcGIS 10.

4.2. Assessing Disproportionate Exposure

To assess disproportionate population exposure to ammonia concentrations, we used techniques
of traditional and spatial statistics. First, we calculated the correlation coefficient between ammonia
concentrations and each demographic variable for 2000 and 2010. Since North Carolina imposed a
CAFO moratorium in 1997-2007, we assumed that the number of CAFOs did not change between 2000
and 2010 and used CALPUFF results for both 2000 and 2010 analyses.

We utilized a Spearman’s correlation coefficient in IBM SPSS Statistics [37] to measure the associations
between the average NH3 concentrations and the specific sociodemographic characteristics of each
census block. Spearman’s rank correlation is a nonparametric statistic that first converts the values of
the variables to ranks and then calculates the correlations as follows [38]:

6Y D?

r.=1-—
$ n3d—n

(D
where:

7s = Spearman’s rank correlation coefficient;

D = the differences between the rank values for each feature on the two variables;

n = the number of features.

The value of 7; in the result is constrained from 1 (a perfect direct correlation) to —1 (a perfect inverse
correlation). The closer 75 is to £1, the stronger the monotonic relationship, while a ry near 0 indicates
no relationship between the two variables [39].

In order to examine the correlation between ammonia concentrations and sociodemographic variables
spatially, a bivariate local indicator of spatial association (LISA) analysis was performed using GeoDa
software [40]. Developed by Luc Anselin [41], a local indicator of spatial association, also known as a
univariate LISA, tests whether local correlations between values of a feature and values of its neighbors
are significantly different from what would be expected from a complete spatial randomization. It identifies
significant spatial clusters by involving the cross product between the standardized value of a variable
for feature [ and that of the average of the neighboring values:

X n
X; — —

j=1,j#i
where:
x; = an attribute value for feature i;
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X =the mean of the corresponding attribute;
w; ; = the spatial weight between features i and j, and:

n 7 2
§2 = Z?=1,j;i(_xi1_ X) _ 72 3)

i

n = the total number of features.

As a simple extension of the univariate LISA, the bivariate LISA identifies the extent of spatial
clusters by involving the cross product of the standardized values of one variable at location i with that
of the average neighboring values of the other variable. The statistical significance of these spatial
clusters is evaluated using Monte-Carlo spatial randomization [41].

Bivariate LISA produces four clusters: high-high, high-low, low-high and low-low. In the context of
our study, a high-high cluster indicates areas with a higher than average concentration of ammonia
surrounded by neighbors with more than the average number of people from a vulnerable population
group (children, the elderly, whites or minorities). A high-low cluster indicates areas with a higher than
average concentration of ammonia surrounded by neighbors with less than the average number of people
from a vulnerable population group. A low-high cluster indicates areas with a lower than average
concentration of ammonia surrounded by neighbors with more than the average number of people from a
vulnerable population group, and a low-low cluster indicates areas with a lower than average concentration
of ammonia surrounded by neighbors with less than the average number of people from a vulnerable
population group.

To conduct the LISA analysis, a weights matrix is created to conceptualize the spatial relationships.
Considering that the areal units are irregular, this study used a distance-based spatial weight matrix,
selecting polygons located within a particular distance as neighbors of the target polygon. Since this
particular distance is an important parameter for modeling spatial relationships, we selected an
appropriate distance threshold with the assistance of the Incremental Spatial Autocorrelation tool in
ArcGIS. Specifically, this tool examines spatial autocorrelation at various distances and provides the
associated z-scores reflecting the intensity of spatial clustering [42]. The distance associated with the
highest z-score is chosen as the threshold distance for the weight matrix. Incremental Spatial
Autocorrelation identified 4 kilometers as the distance that resulted in the highest z-score, so we used it
as the threshold for the calculation of the spatial weights matrices for both 2000 and 2010.

5. Results

The raster grid of modeled ammonia concentrations is shown in Figure 3. The average modeled
concentration is 14.773 pg/m’, (min = 0.549; max = 540.837 pg/m®). The maximum value is observed
in areas where multiple CAFOs are located next to each other, mostly in Green County. To validate our
model, we compared our results with a study by Wilson and Serre [43], who used passive samplers to
measure ammonia in eastern North Carolina. They found that, at sites within 2 km from a hog CAFO,
the ammonia concentration averaged 19.872 pg/m?® reaching as high as 1152 pg/m’. While these
measurements are very similar to our modeled concentrations, it is important to note that we only
modeled emissions from swine CAFOs and did not account for other sources of ammonia. According to
Battye er al. [44], livestock waste accounts for about 80% of ammonia emissions in North Carolina, and
other sources include fertilizer application, forests, non-agricultural vegetation and motor vehicles.
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Figure 3. CALPUFF output: modeled ammonia concentrations (ug/m?).

We also compared our results with concentrations measured at an Ambient Ammonia Monitoring
Network (AMoN; http://nadp.sws.uiuc.edu/amon/) site located about 50 km outside our study area (Clinton
Crops Research Station; latitude 35.0258; longitude —78.2783). This AMoN site is the closest to our
study area. Based on biweekly samples from February 2009 to February 2010, ammonia concentrations
at this site ranged from 1.11 to 8.3 pg/m®, with a mean concentration of 4.191 pg/m®. These
measurements are comparable to our modeled concentrations (mean values of 4.191 vs. 14.773 pg/m?,
respectively). Lower values at the monitoring station could be explained by the fact that it is located
1.4 km from the nearest CAFO, while our model predicts concentrations for the entire study area,
including areas in the immediate vicinity of CAFOs.

The Spearman’s correlation between the average ammonia concentrations and each demographic
variable for 2000 and 2010 is shown in Table 3. In 2000, statistically significant, but weak, relationships
were identified between the average ammonia concentration and three demographic variables. Specifically,
population under 15 years of age and minority population have a significant positive correlation with the
ammonia concentration at the 99% confidence level, population over 65 years of age and the ammonia
concentration are significantly correlated at the 95% confidence level. However, in 2010 only, minority
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population had a significant, but weak, positive correlation with the average concentration of ammonia.
No significant relationship was found for the other three variables.

Table 3. Spearman’s rank correlation coefficients (* p < 0.05; ** p <0.01).

Year Demographic Variable Ammonia Concentration
Under 15 years of age 0.046 **
er 63 years o 038 *
2000 Census Data Ov?r )é years qfq(ge 0.0 8,
Minority population 0.162 **
White population —0.034
Under 15 years of age 0.024
er 63 years o .
2010 Census Data Ov?r )é years qfq(ge 0 008,
Minority population 0.104 **
White population —0.031

Bivariate LISA examined the correlation between the ammonia exposure and demographics and
identified significant spatial clusters (p = 0.05). For the purposes of this study, we focus our attention on
high-high clusters, because they represent areas where high numbers of vulnerable people are exposed
to higher than the average level of pollutant concentrations. These high-high clusters are also often
referred to as “hot spots”. We calculated the average ammonia concentrations in hot spots for 2000 and
2010 and compared them with ammonia concentrations for the whole study area (Table 4). Our
calculations show that average ammonia concentrations in hot spots for 2000 and 2010 are 2.5-3-times
higher than the average concentration in the entire watershed. Figures 4-7 show the locations of
high-high clusters for both years for four vulnerable population groups.

Table 4. Statistics for ammonia concentrations (ug/m?) in the entire study area and in the
2000 and 2010 hot spots for minorities, whites, children (under 15 years old) and the elderly
(over 65 years old).

. Entire 2000 Hot Spots 2010 Hot Speots
Statis Study
tics Arez; Non-White White Under15 Over65 | Non-White White Under15 Over 65
Min 0 14 4 14 14 14 6 14 0
Max 530 316 530 530 138 87 530 530 530
Mean 12 37 34 33 30 34 32 32 31

In both years, high-high clusters indicating a high ammonia concentration and a high population under
15 years of age are mainly located in Wayne County, close to the boundary of Greene County. Several small
clusters can also be found in Greene, Lenoir and Pitt counties. In 2000, 148 census blocks were included
in high-high clusters; in 2010, that number increased to 160. This change is also reflected in the number
of children who lived in these hot spots: it increased by 15 children.
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Figure 4. Bivariate local indicator of spatial association (LISA) hot spots in 2000 and 2010:
average ammonia concentration with population under 15.

When analyzing the spatial association between ammonia concentration and population over 65 years
of age, large high-high clusters for both years can be found in Wayne and Greene counties. In 2000,
190 census blocks were included in high-high clusters; in 2010, that number was 189. The number of
elderly living in hot spots decreased by 73 people between 2000 and 2010.

A different pattern is observed for minority population, and most of the high-high areas showing
persistence in both years are located in Greene County. Wayne and Wilson Counties also contain a small
number of high-high clusters in both years. In 2000, 188 census blocks were included in high-high
clusters; in 2010, that number decreased to 124. One hundred fewer minority people were living in these
hot spots in 2010 as compared to 2000.
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Figure 5. Bivariate LISA hot spots in 2000 and 2010: average ammonia concentration with

population over 65.

In both years, high-high clusters indicating a high ammonia concentration and high white population
are mainly located in Wayne and Pitt Counties. In 2000, 132 census blocks were included in high-high

clusters; in 2010, that number increased to 182. The number of white people who lived in these hot spots

increased by 934,
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Figure 6. Bivariate LISA hot spots in 2000 and 2010: average ammonia concentration vs.

population of minorities.

To compare the spatial locations of persisting hot spots of four vulnerable populations, we overlaid
four maps. Spatial coincidence analysis showed 12 census blocks that belonged to a persisting hot spot
in all four maps (Figure 7). These areas are located in Wayne County and represent an extreme case of
potential environmental injustice, where disproportionately high numbers of children, elderly, whites
and minorities could have been exposed to high ammonia concentrations in 2000 and 2010.
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Figure 7. Bivariate LISA hot spots in 2000 and 2010: average ammonia concentration vs.
population of whites and persisting hot spots of all four population groups.

6. Discussion and Conclusions

The main research question of this study asked if children, the elderly, white and minority populations
are disproportionately exposed to ammonia emitted by CAFOs in Contentnea Creek Watershed in North
Carolina. To answer this question, the study used the CALPUFF software to model ammonia emission
and dispersion from CAFOs and applied the Spearman correlation and LISA analysis to examine the
relationship between ammonia concentrations and demographic characteristics in 2000 and 2010.

The CALPUFF model used very detailed data about meteorological conditions and the characteristics
of CAFO facilities (location, dimensions and ammonia emissions per hog or kg of live weight) to
produce ammonia emission estimates as a continuous surface with 1-km? pixels. The fine spatial scale
of the modeled ammonia output matched the spatial dimensions of census data very well: the average
census block in the study areas is 0.78 km?. Areas with the highest concentration of ammonia were found
in Greene County and Wayne County, where the concentration of CAFOs is the highest.

ED_002446_00000729-00016





July 29, 2019 EPA-HQ-2017-007907

ISPRS Int. J. Geo-Inf. 2015, 4 166

The Spearman’s correlation analysis showed that a weak positive relationship existed between average
ammonia concentration and some of the demographic variables. Most of the correlation coefficients
were statistically significant, probably due to the large sample size (the number of census blocks in each
year was over 3000). While these findings indicate that higher numbers of vulnerable people are
associated with higher ammonia concentrations in the area, they do not provide any insight into the
spatial pattern of these relationships.

Bivariate LISA analysis identified hot spots of environmental injustice: areas with high ammonia
concentrations are surrounded by areas with high numbers of vulnerable population. Although the population
in three vulnerable groups within hot spots has slightly decreased between the two years, the number of
people disproportionately exposed to ammonia concentrations was still large in 2010: 2444 children,
1288 elderly people, 9537 whites and 3915 minorities.

Using spatial overlay in GIS, we identified areas that could have experienced an extreme case of
environmental injustice, because they were included in hot spots for all four population groups in both
years. A spatial query showed that just within three miles from these areas, there were 12 CAFOs. The
results of air pollution modeling suggest that these areas should be prioritized for ambient air
quality monitoring.

It is beneficial to discuss these findings in the context of existing air quality regulations. Unfortunately,
there is no federal-level standard regarding ammonia, because it is not one of the six criteria air pollutants
covered by the Clean Air Act (http://scorecard. goodguide.com/env-releases/def/cap naaqs.html). EPA
requires some CAFOs to report estimated ammonia and hydrogen sulfide emissions based on the number
of confined animals. For example, swine CAFOs that have more than 2500 swine, each weighing
55 pounds or more, or 10000 swine, each weighing less than 55 pounds, are required to report their
emission estimates (http://www.ecy.wa.gov/epcra/CERCLA CAFQairexempt.pdf). The Occupational
Safety and Health Administration (OSHA) has set an acceptable eight-hour exposure and a short-term
(15 min) exposure level for ammonia (http://www.atsdr.cdc.gov/toxtaqs/tf. asp?id=10&tid=2), but these
standards mainly concern CAFO workers and are not directly applicable to the general population living
in the area. State-level air quality regulations vary, and the majority of states do not have a
comprehensive air quality regulatory system. For example, Missouri has an ambient acceptable level of
ammonia, and North Carolina and Colorado have regulations concerning odor emissions from CAFOs,
but no emission standards for hydrogen sulfide or ammonia [45].

The Agency for Toxic Substances and Disease Registry (ATSDR) includes ammonia in its
toxic substances list and provides minimal risk level concentrations for it. According to the ATSDR,
the minimal risk level (MRL) “is an estimate of the daily human exposure to a hazardous substance
that 1s likely to be without appreciable risk of adverse, non-cancer health effects over a specified
duration of exposure. The information in this MRL serves as a screening tool to help public health
professionals decide where to look more closely to evaluate possible risk of adverse health effects from
human exposure.” (http://www.atsdr.cdc.gov/mrls/index.asp). Ammonia’s MRL for chronic exposure
(meaning exposure for one year or longer) is set at 0.1 ppm, or 75 pg/m? (http://www.atsdr.cdc.gov
/mrls/mrllist.asp#2tag). Applying this threshold to our modeled concentrations, we identified areas
where chronic exposure exceeds MRL. Most of these areas overlap with our identified hot spots and
correspond to high CAFO density areas in Greene and Wayne Counties. While the spatial extent of these
areas is small (2.5% of the watershed), they correspond to densely populated areas with total population
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ranging from 3647 people in 2000 to 3360 people in 2010. Following ATSDR’s suggestion, these areas
deserve further attention of public health professionals to examine possible adverse health effects due to
chronic exposure to higher than the minimal risk levels of ammonia.

This study contributes to the body of research on CAFOs and environmental justice, because no other
study has yet analyzed environmental justice on the basis of unequal exposure to CAFO-related emissions.
Previous environmental justice studies of CAFOs used proximity to CAFOs or their density as the proxy
for air pollution exposure. Our study is the first one to directly link modeled pollutant concentrations
and demographic characteristics. The proposed methodology is also the first one of its kind to analyze
CAFOs-related environmental justice at the finest possible spatial scale, the census block. Previous
studies conducted their analysis at the county, census track or census block group levels.

Our study also contributes to a broader literature on environmental justice. Traditionally, environmental
justice research has analyzed unequal exposure in the context of race and poverty; including age-based
vulnerable population groups in the analysis is an advantage of our study. Both children and elderly are
recognized as the most vulnerable age groups, but they are rarely included in environmental
justice studies.

There are several limitations to this study, mostly associated with the CALPUFF model and data
availability. First, to run the CALPUFF model, we needed very detailed meteorological data, and the only
available data compatible with CALPUFF was for 2006. Therefore, we assumed that the 2006
meteorological data represents the average meteorological situation and used CALPUFF output based
on 2006 to analyze environmental justice in 2000 and 2010. Since the entire year of data was used to
model average daily ammonia concentrations, this assumption seems reasonable. The second limitation
relates to CALPUFF model parameters (for example, the user’s choice for background pollution
concentrations, the incorporation of wet and dry deposition or the choice of chemical conversion
mechanism). We accepted the default settings within the model, and future studies should assess the
sensitivity of modeling results to these parameter settings. The third limitation is related to CAFO data
availability, including the type and individual size of manure storage facilities. We used 2010 CAFO
data to analyze unequal exposure in 2000 and 2010, assuming that the CAFO size did not change during
this time to an extent that it would have an effect on the modeled ammonia concentrations. We also did
not have data on the type of facility (breeder versus finisher facility) nor the management practices and
assumed that the emissions rate is the same for all facilities and remains constant thought the year.

Another limitation of this study is that our findings are only valid at the census block level and cannot
be extrapolated to other spatial scales. The reason for that is that the relationships between hazardous
facilities and socioeconomic variables may change or become more or less significant when the spatial
scale changes [46]. This issue is often referred to as the modifiable area unit problem [47].

Our modeled ammonia concentration was comparable to ammonia concentrations measured in the
field by other researchers [43] and by the Ambient Ammonia Monitoring Network. In the future, it would
be important to test other atmospheric dispersion models and to compare their results with CALPUFF
and field measurement for various pollutants and different geographical regions. These studies should
include up-to-date characteristics of polluting facilities, such as individual CAFO operations (e.g., exact
size of animal houses and lagoons, number of animals, total animal weight). More studies of this kind
(based on pollution dispersion models and using reliable fine-scale demographic data) will allow one to
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assess the impacts of the CAFOs and to address the concerns regarding the health and quality of life of
vulnerable populations.
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State of North Carolina
Department of Environment and Natural Resources
Division of Water Resources

Animal Feeding Operations Permit Application Form
(THIS FORM MAY BE PHOTOCOPIED FOR USE AS AN ORIGINAL)

Distribution of Animal Waste Residual Solids

This application is intended for facilities which distribute materials which have been processed with animal
waste solids with ng domestic sewage contribution.

1. GENERAL INFORMATION
1.1 Applicationdate: __
1.2 Applicant’s name (please specify the name of the corporation, individual, etc.):
1.3 Print owner’s or signing official’s name and title (the person legally responsible for the facility and its compliance):

1.4 Mailing address:

City: State: Zip:
Telephone number: () Fax:(___ )
E-mail:

1.5 Feesubmitted: $ _ [The permit processing fee should be as specified in 15A NCAC 2H .0205(c)(5).]

1.6 Specify the process facility’s owner classification: [_| private [_] federal [ ] state [ ] local government

1.7 Specify the source of the animal waste product: || poultry [ | swine [ | cattle [ ] other (explainy _

1.8 Specify how these residuals will be distributed: [_] sold or given away in bags or other containers [ | lawn (bulk)
[ home garden (bulk) [ | other (explain)

1.9 Estimated volume of waste product to be processed annually: _ dry tons/year

1.10Physical address of animal waste generating facility:
City: State: Zip:

1.11Physical address of animal waste process facility:
City: State: Zip:

1.12 County where animal waste process facility is located (if in North Carolina):

1.13 Latitude: _ Longitude: _ of animal waste process facility

1.14 Are new facilities to be constructed in North Carolina? [ ] yes [ | no If “yes”, please include three (3) sets of plans and
specifications with the application for approval.

2. PERMIT INFORMATION
2.1 Application No. (to be completed by DWR):
2.2 Specify the application type: [_] new [_] renewal [ ] modification renewal [_| with modification

For renewals, complete all sections included in the application. The engineering signature and seal are not required for
renewals, or if there is not any construction involved with the subject project.

2.3 If this application is being submitted as a renewal or modification of an existing permit, list the existing permit number:

and its issue date:

FORM: DARS 05/06 Page 1 of §

ED_002446_00000731-00001
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3. CHEMICAL POLLUTANT INFORMATION

EPA-HQ-2017-007907

3.1 Please complete a chemical analysis of each residual material. Fach analysis must include the parameters listed in the table
below as well as any other known or suspected contaminants that are tributary to the system. Wastewater residuals cannot
be sold or given away if the concentration of any pollutant in the residuals exceeds any of the Ceiling Concentrations or the
Monthly Average Concentrations specified in the table below on a dry-weight basis (ing/kg). Fill out the pollutant
concentrations of the residuals in the table below (attach all lab analyses):

Pollutant Pollutant Cei!ing Concentration | Pollutant 'Concentration Monthly Aver:age Concentration
dry weight (mg/kg) dry weight (mg/kg) dry weight (mg/kg)
Arsenic 75 41
Cadmium 85 39
Copper 4300 1500
Lead 840 300
Mercury 57 17
Molybdenum 75 ———
Nickel 420 420
Selenium 100 36
Zinc 7500 2800

3.2 Were any pilot or bench-scale studies performed on the residual material? [ ] yes [ ] no If “yes”, please provide the

results of those studies, including the approximate fertilizer equivalent of the material.

4. PATHOGEN REDUCTION INFORMATION

In accordance with 15A NCAC 2H .0200, pathogen reduction can be achieved using cither 40 CFR Part 257 or 40 CFR Part
503. Either Part A or Part B and one of the options in Part C must be completed (please submiit all lab analyses, test

results, and calculations). Please check which of the following applies to the subject residual:

Part A [] A fecal coliform density less than 1000 Most Probable Number per gram of total dry solids

Part B [ ] A Salmonella sp. density less than 3 Most Probable Number per 4 grams of total dry solids

Part C [ | Alkaline treatment — the pH of the residuals is raised to greater than 12 for at least 72 hours. During this time, the

temperature of the residuals should be greater than 52° C for at least 12 hours. In addition, after the 72-hour period,
the residuals shall; be air-dried to greater than 50% total solids.

] Composting — using either the within-vessel or static acrated pile composting methods, the temperature of the
residuals are raised to 55° C or higher for three days. Using the windrow composting method, the residuals are
raised to 55° C or higher for fifteen days. During the high temperature period, there will be a minimum of five
turnings of the windrow.

[] Heat Drving — residuals are dried by direct or indirect contact with hot gases to reduce the moisture content of the
residuals to 10% or lower. Either the temperature of the gas in contact with the residuals exceeds 80° C or the wet
bulb temperature of the gas in contact with the residuals, when the residuals leave the dryer, exceeds 80° C.

] Heat Treatment — liquid residuals are heated to a temperature of 180° C or higher for thirty minutes.

[] Pasteurization — the temperature of the residuals is maintained at 70° C or higher for at least thirty minutes.

FORM: DARS 05/06
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5. PROCESS INFORMATION
5.1 Please provide a brief narrative concerning materials handling, including the following:
a. How will the waste product be handled and transported from where they are produced to where they will be treated?
b.  Where will the residuals be stored until processing?
¢c.  What will be the duration of treatment of the animal waste product?
d.  Where will the final product be stored?
¢. How will leachate collection from the raw product storage, treatment facility, and finished product storage be handled?
f.  How long will the final product be stored before being distributed?
g¢. How will the final product be distributed (packaging), if applicable?

5.2 Please attach a marketability statement detailing destinations and approximate amounts of the final product to be
distributed.

5.3 Please provide ¢ither a label, which shall be affixed to the bagged processed residual, or an information sheet, which shall
be provided to the person who receives the processed residual. The label or information sheet shall contain, at a minimum,
the following information:

a. The name and address of the person who prepared the residual that is sold or given away in a bag or other container for
application to the land.

b. A statement that application of the residual to the land is prohibited except in accordance with the instructions on the
label or information sheet.

c. A statement that the residuals shall not be applied to any site that is flooded, frozen, or snow-covered.

d. A statement that adequate procedures shall be provided to prevent surface runoff from carrying any disposed or stored
residuals into any surface waters.

o©

A statement which identifies that this material shall be prevented from entering any public or private water supply
source (including wells) and any stream, lake, or river.
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6. PROFFESSIONAL ENGINEER’S CERTIFICATION

NOTE: Engineer’s Certification is required only for construction of new treatment and/or storage facilities to be
located in North Carolina.

Name of engineering firm:

Mailing address:

City: State: Zip:
Telephone: ( ) Faxt(___ )

E-mail:

L , attest that this application for

has been reviewed by me and is accurate and complete to the best of my knowledge. 1 further attest that, to the best of my
knowledge, the proposed design has been prepared in accordance with the applicable regulations. Although certain portions of
this submittal package may have been developed by other professionals, inclusion of these materials under my signature and
seal signifies that I have reviewed the material and have judged it to be consistent with the approved design.

North Carolina Professional Engincer’s scal, signatare, and date:

7. APPLICANT’S CERTIFICATION (include a designation letier if signing for the Permittee)

L , attest that this application for

has been reviewed by me and is accurate and complete to the best of my knowledge. T understand that if all required parts of
this application are not completed and that, if all required supporting information and attachments are not included, this
application package will be returned to me as incomplete.

Signature: Date:

PLEASE SUBMIT THREE (3) COPIES OF THE COMPLETED APPLICATION PACKAGE, ALL SUPPORTING
INFORMATION AND MATERIALS, AND ANY PLANS AND SPECIFICATIONS TO THE FOLLOWING ADDRESS:

NORTH CAROLINA DIVISION OF WATER RESOURCES
AQUIFER PROTECTION SECTION
ANIMAL FEEDING OPERATIONS PERMITTING & COMPLIANCE UNIT
1636 MAIL SERVICE CENTER
RALEIGH, NORTH CAROLINA 27699-1636
TELEPHONE NUMBER: (919) 807-6464
FAX NUMBER: (919) 807-6496
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DIVISION OF WATER RESOURCES REGIONAL OFFICES (9/05)

Asheville Regional AP Supervisor
2090 U.S. Highway 70
Swannanoa, NC 28778

(828) 296-4500

Fax (828) 299-7043

Avery Macon
Buncombe Madison
Burke McDowell
Caldwell Mitchell
Cherokee Polk

Clay Rutherford
Graham Swain
Haywood Transylvania
Henderson Yancey
Jackson

Fayetteville Regional AP Supervisor
225 Green Street, Suite 714
Fayetteville, NC 28301-5094

(910) 433-4300

Fax (910) 486-0707

Anson Moore
Bladen Richmond
Cumberland Robeson
Harnett Sampson
Hoke Scotland
Montgomery

Winston-Salem Regional AP Supervisor

585 Waughtown Street
Winston-Salem, NC 27107
(336) 771-5000

Fax (336) 771-4630

Alamance Rockingham
Alleghany Randolph
Ashe Stokes
Caswell Surry
Davidson Watauga
Davie Wilkes
Forsyth Yadkin
Guilford

FORM: DARS 05/06

Washington Regional AP Supervisor
943 Washington Square Mall
Washington, NC 27889

(252) 946-6481

Fax (252) 946-9215

Beaufort Jones

Bertie Lenoir
Camden Martin
Chowan Pamlico
Craven Pasquotank
Currituck Perquimans
Dare Pitt

Gates Tyrell
Greene Washington
Hertford Wayne
Hyde

Mooresville Regional AP Supervisor
610 East Center Avenue
Mooresville, NC 28115

(704) 663-1699

Fax (704) 663-6040

Alexander  Lincoln
Cabarrus Mecklenburg
Catawba Rowan
Cleveland  Stanly
Gaston Union
Tredell

Raleigh Regional AP Supervisor
1628 Mail Service Center
Raleigh, NC 27699-1628

(919) 791-4200

Fax (919) 3714718

Chatham Nash
Durham Northampton
Edgecombe Orange
Franklin Person
Granville  Vance
Halifax Wake
Johnston Warren

Lee Wilson

Wilmington Region AP Supervisor
127 Cardinal Drive Extension
Wilmington, NC 28405-3845
(910) 796-7215

Fax (910) 350-2004

Brunswick New Hanover

Carteret Onslow
Columbus Pender
Duplin
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NORTH CAROLINA

Enforceable Provisions Applicable to Nonpoint Source Water Pollution

DISCHARGE PROHIBITIONS
Water Pollution Control Law

The North Carolina water pollution law establishes several discharge
prohibitions that are potentially enforceable against nonpoint sources. A general
provision prohibits the discharge of waste in violation of water quality standards; the
state may issue special orders to abate water pollution; and there are specific
prohibitions against unpermitted discharges to the Atlantic Ocean and other defined
areas.

® Absent a permit or special order, no person shall "cause or permit any waste,
directly or indirectly, to be discharged to or in any manner intermixed with the waters
of the State in violation of the water quality standards applicable to the assigned
classifications."' "Discharge of waste" is defined broadly to include "discharge, spillage,
leakage, pumping, placement, emptying, or dumping into waters of the State"”; "waste"
is defined to include sewage, industrial waste, toxic waste, and "other waste." "Other
waste" is defined as "sawdust, shavings, lime, refuse, offal, oil, tar chemicals, dissolved
and suspended solids, sediment, and all other substances ... which may be discharged
into or placed in such proximity to the water that drainage therefrom may reach the

water."

e Even more broadly, the Environmental Management Commission may issue
special orders "to any person whom it finds responsible for causing or contributing to
any pollution of the waters of the State within the area for which standards have been
established."™ The law defines "water pollution" as "the man-made or man-induced
alteration of the chemical, physical, biological, or radiological integrity of the waters of
the State, including, but not specifically limited to, alterations resulting from the
concentration or increase of natural pollutants caused by man-related activities."

e There are also specific prohibitions against the discharge of wastes or thermal
discharges to waters of the Atlantic Ocean within state jurisdiction;’ discharge of
pollutants to "defined managed areas," such as fisheries, without a permit;® and
stormwater discharges that result in water pollution.’

Violations of the water pollution law may be assessed civil penalties of up to
$10,000 per violation per day, misdemeanor criminal fines of up to $15,000 per violation
per day, or felony criminal fines of up to $250,000 per violation per day; they also are
subject to injunctive relief."

Other Discharge Limitations

North Carolina nuisance law may be applicable to some forms of nonpoint
source pollution. There does not appear to be a statutory definition of "nuisance" that
expressly includes water pollution, but common-law definitions should cover some

forms of nonpoint discharge.
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e State and local health officials are authorized to bring civil actions for
abatement of public health nuisances," as are county officials.'” Private suits for
"injuries remediable by the old writ of nuisance" are allowed under the common law
and civil procedure code, and may seek damages, removal of the nuisance, or both."

A recent statutory enactment makes it more difficult to bring either private or
public nuisance suits against agricultural or forestry operations where the operation has
been in existence for more than one year."* However, that provision in turn contains an
exception, stating that it "shall not affect or defeat the right of any person, firm, or
corporation to recover damages for any injuries or damages sustained by him on
account of any pollution of, or change in condition of, the waters of any stream .""

Fish/Fisheries Laws

e The Environmental Management Commission is authorized "to direct the
investigation of any killing of fish and wildlife which, in the opinion of the
Commission, is of sufficient magnitude to justify investigation and is known or believed
to have resulted from the pollution of the waters or air."' The Commission is required
to develop and to follow fish kill response protocols for coordinating investigation of
and response to "significant fish kill events.""” Where investigation determines that a
person has, with or without a permit, "negligently, or carelessly or unlawfully, or
willfully and unlawfully, caused pollution of the water or air...in such quantity,
concentration or manner, that fish or wildlife are killed as the result thereof, the
Commission may recover, in the name of the State, damages from such person”
according to an established schedule of damages.'

OPERATIONAL REQUIREMENTS
Forestry Requirements

¢ The Sedimentation Pollution Control Act requires the Department of
Environment, Health and Natural Resources to adopt "Forest Practice Guidelines
Related to Water Quality," which are best management practices for forest activity."
The Forest Practice Guidelines are found in the North Carolina Administrative Code®
as well as in a Forestry Practices Manual issued by the Division of Forest Resources.
Forest activities conducted in accordance with these Guidelines are exempt from the
other provisions of the Act,”! which regulates certain kinds of "land-disturbing activity"
that causes erosion and sedimentation.”

Agriculture Requirements

North Carolina has extensive provisions regulating agricultural activity that
could cause nonpoint source pollution. These fall into three main categories: soil
conservation measures aimed at preventing soil erosion and sedimentation; regulations
on siting and operation of animal feeding operations; and pesticide-related laws.
Agricultural activities also may be affected by the Watershed Supply Water Protection
Act, which is discussed below in the "Development" section.
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e Soil and Water Conservation Districts are authorized to prepare
comprehensive plans for soil conservation, including best management practices, and
"to bring such plans and information to the attention of occupiers of lands within the
district."” Districts also may condition any grants or other assistance on landowners
covenanting to adopt such practices on their lands.? Further, "the supervisors of any
district shall have authority to formulate regulations governing the use of lands within
the district in the interest of conserving the soil and soil resources and preventing and
controlling soil erosion"; in such cases, regulations must be proposed by the district and
approved by a two-thirds vote of district residents in a referendum.” When land-use
regulations are in place, district supervisors are authorized to enter and inspect lands to
determine whether the regulations are being observed,” and to file civil actions for
injunctive relief, to take remedial measures, and to seek compensation for any costs
incurred ”’

e For animal feeding operations, the Animal Waste Management Systems Act
"intends to establish a permitting program for animal waste management systems that
will protect water quality and promote innovative systems and practices while
minimizing the regulatory burden." It applies to feeding operations of more than 250
swine, 100 confined cattle, 75 horses, 1000 sheep, or 30,000 confined poultry with a
liquid waste management system.” These operations must maintain an "animal waste
management system" which is defined as a "combination of structures and
nonstructural practices serving a feedlot that provide for the collection, treatment,
storage, or land application of animal waste,"” and which must be designed "so that the
animal operation served by the animal waste management system does not cause
pollution in the waters of the State except as may result because of rainfall from a storm
event more severe than the 25-year, 24-hour storm ."*

Operators are required to obtain a permit before constructing or operating an
animal waste management system, and permit applications must include animal waste
management plans with "best management practices for riparian buffers or equivalent
controls, particularly along perennial streams."”” The operations are required to
undergo an annual inspection and review, and to give immediate notification of direct
discharges of animal waste or other immediate threats to the environment.” However,
"except as required by federal law or regulations, the [Environmental Managem ent]
Commission may not adopt effluent standards or limitations applicable to animal or
poultry feeding operations," though it may assess fines of up to $10,000 against
conveyances "constructed for the purpose of willfully discharging pollutants to the
waters of the State."*

e Similarly, the Swine Farm Siting Act applies to operations raising more than
250 swine on a single site.” It requires that swine houses or lagoons holding animal
waste "shall be located at least 1,500 feet from any occupied residence; at least 2,500 feet
from any school, hospital, or church; and at least 500 feet from any property boundary";
it also requires that "the outer perimeter of the land area onto which waste is applied
from a lagoon that is a component of a swine farm shall be at least 50 feet from any
boundary of property on which an occupied residence is located and from any
perennial stream or river, other than an irrigation ditch or canal.™® However, swine
houses or lagoons can be sited closer to residences, schools, hospitals, churches or
property boundaries (though apparently nof to rivers and streams) than the stated
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limits "if written permission is given by the owner of the property and recorded with
the Register of Deeds."’ "Any person owning property directly affected by the siting
requirements"” may bring a civil action against the swine farmer; "persons directly
affected " are defined to include those owning "property that abuts a perennial stream or
river, or on which a perennial stream or river is located."”® Plaintiffs may seek injunctive
relief, damages and, in appropriate cases, court costs, attorney and expert witness fees.”

e The North Carolina Pesticide Law* provides that "no person shall handle,
transport, store, display or distribute pesticides in such a manner as to endanger man
and his environment or to endanger food, feed, or any other products that may be
transported, stored, displayed, or distributed with pesticides" and that "no person shall
dispose of, discard, or store any pesticides or pesticide containers in such a manner as
may cause injury to humans, vegetation, crops, livestock, wildlife, or to pollute any
water supply or waterway."" It also establishes pesticide registration requirements and
prohibits distribution or sale of unregistered or mislabelled pesticides.*

The Pesticide Board is authorized to adopt regulations for carrying out the
Pesticide Law, including regulations governing handling, transport, storage, display,
distribution, and disposal of pesticides.” The Board issues licenses for pesticide dealers
and applicators,* and may require reports and conduct inspections, investigations and
administrative hearings.* Violations of the Act or regulations are subject to
misdemeanor criminal penalties and/ or civil penalties of up to $2,000 per violation.*
The Board may seek civil injunctive relief in court, and has emergency authority for
license suspensions and seizures in cases of imminent hazard caused by any pesticide,
whether registered or unregistered.*’

e The Watershed Supply Water Protection Act, discussed in detail below,
requires local governments to develop water supply watershed protection programs
that govern development in key areas and that could affect agricultural activities.
However, the Act expressly states that "the reduction of agricultural nonpoint source
discharges shall be accomplished primarily through the Agriculture Cost Share Program
for Nonpoint Source Pollution Control,"* a separate program that encourages
voluntary implementation of best management practices.” In addition, the Act provides
that any local watershed protection ordinances governing agricultural and silvicultural
activities "shall be no more restrictive than those adopted by the [Environmental
Management] Commission."”’

Development and Other Earth-Disturbing Activities

e The Sedimentation Pollution Control Act’ applies to certain kinds of "land-
disturbing activity" that causes erosion and sedimentation. "Land-disturbing activity" is
defined as "any use of the land by any person in residential, industrial, educational,
institutional or commercial development, highway and road construction and
maintenance that results in a change in the natural cover or topography and that may
cause or contribute to sedimentation."” It excludes agricultural activities, forestry
activities conducted in accordance with best management practices, mining, or
emergency activities.” For land-disturbing activity, the Act establishes mandatory
standards including: (1) no activity is permitted in proximity to a lake or natural
watercourse unless there is a buffer zone "along the margin of the watercourse of
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sufficient width to confine visible siltation within the twenty-five percent of the buffer
zone nearest the land-disturbing activity"; (2) graded slopes and fills shall not be steeper
"than the angle which can be retained by vegetative cover or other adequate erosion-
control devices or structures”; and (3) tracts where more than an acre of land is
uncovered must include, "such sedimentation and erosion control devices and practices
as are sufficient to retain the sediment generated by the land-disturbing activity within
the boundaries of the tract" during construction, and permanent ground cover
following completion of construction."*

Under the Act, the Sedimentation Control Commission is authorized to "develop,
promulgate, publicize and administer a comprehensive State erosion and sedimentation
control program," including rules and regulations. The rules are to "contain
conservation standards for various types of soils and land uses, which standards shall
include criteria and alternative techniques and methods for the control of erosion and
sediment resulting from land-disturbing activities."” The Commission is also required
to develop a model local erosion control ordinance and to review and approve
proposed programs submitted by local governments and State agencies and erosion
control plans submitted by project proponents.® The Act sets out a procedure for
approval of proposed erosion control plans; in addition to decisions on the merits, plans
may be disapproved based on a finding of previous violations of the Act or failure to
pay a previous penalty.”” The Commission may delegate its authority to review and
approve erosion control plans to local governments with State-approved erosion
control programs.™

The Commission and local governments with delegated authority are authorized
to inspect sites, issue notices of violation, and specify dates for compliance.” Further,
the Secretary of Environment, Health and Natural Resources is authorized to issue stop-
work orders for violations of the Act or Rules if the violation is knowing and willful
and: "(1) Off-site sedimentation has eliminated or severely degraded a use in a lake or
natural watercourse or ... such degradation is imminent; (2) Off-site sedimentation has
caused severe damage to adjacent land or ... such damage is imminent; [or] (3) the land-
disturbing activity is being conducted without an approved plan."® The Act provides
for up to $500 per violation per day for violation of the Act, an ordinance, rule or order;
civil penalties of up to $5,000 per violation per day for violation of a stop-work order;
and criminal misdemeanor fines of up to $5,000 for knowing and willful violations.®'
The Secretary, or a local government with delegated authority, may also impose
restoration requirements or seek an injunction, and "any person injured by a violation"
of the Act or the rules may seek injunctive relief and/ or damages.®

e The Watershed Supply Water Protection Act requires the Environmental
Management Commission to "adopt rules for the classification of water supply
watersheds and that establish minimum statewide water supply watershed protection
requirements applicable to each classification to protect surface water supplies by (I)
controlling development density, (ii) providing for performance-based alternatives to
development density controls that are based on sound engineering principles, or (iii) a
combination of both (I) and (ii)."” Further, the Commission "may designate water
supply watersheds or portions thereof as critical water supply watersheds and impose
management requirements that are more stringent than the minimum statewide water
supply watershed management requirements,” and adopt rules that require that any
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permit issued by a local government for a development or construction activity
conducted by that local government within a designated water supply watershed be
approved by the Department [of Environment, Health, and Natural Resources] prior to
: 164

issuance.

Under the Act, local governments are required to develop a water supply
watershed protection program and ordinances for enforcing the minimum management
requirements, and they "may adopt such ordinances pursuant to their general police
power, power to regulate the subdivision of land, zoning power, or any combination of
such powers."” The Commission must assume enforcement authority where a local
government "fails to adopt a program that meets the requirements of this section or
whenever a local government fails to adequately administer and enforce the provisions
of its program ."® However, if a local government wishes to adopt an ordinance more
stringent than Commission requirements, it must give notice to the Commission;*” and
local ordinances governing agricultural and silvicultural activities "shall be no more
restrictive than those adopted by the Commission."® Local governments that fail to
adopt or enforce water supply watershed management programs are subject to civil
penalties of up to $10,000 per month; persons who violate the management
requirements are subject to civil penalties of up to $10,000 per violation per day.”

e Under the Natural and Scenic Rivers Act, "the State Utilities Commission may
not permit the construction of any dam, water conduit, reservoir, powerhouse
transmission line, or any other project works on or directly affecting any river that is
designated as a component or potential component of the State Natural and Scenic
Rivers System. No department or agency of the State may assist by loan, grant, license,
permit, or otherwise in the construction of any water resource project that would have a
direct and adverse affect on any river that is designated as a component or potential
component of the State Natural and Scenic Rivers System."”” The Act’s provisions "shall
not, however, preclude licensing of or assistance to a development below or above a
designated or potential component."” The Act authorizes the Department of
Environment, Health and Natural Resources to adopt rules to implement the Natural
and Scenic Rivers System,”” and violations of the Act or rules is subject to injunctive
relief and to a misdemeanor fine of no more than $50 per violation per day.”

e The Coastal Area Management Act applies only to counties within the coastal
zone, and requires the "development and adoption of State guidelines for the coastal
area and the development and adoption of a land-use plan for each county within the
coastal area, which plans shall serve as criteria for the issuance or denial of
development permits."” The guidelines "shall consist of statements of objectives,
policies, and standards to be followed in public and private use of land and water areas
within the coastal area," and "shall give particular attention to the nature of
development which shall be appropriate within the various types of areas of
environmental concern that may be designated by the [Coastal Resources]
Commission.” "Areas of environmental concern" are defined to include coastal
wetlands, estuarine waters, renewable resource areas (public water supplies and forest
land), fragile or historic areas, areas with rights of public access or public trust, natural-
hazard areas, outstanding resource waters, and fisheries;’® there is a public procedure
for designating areas of environmental concern.”” Once areas of environmental concern
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are designated, all local land-use plans, local ordinances, and permits issued within the

areas must be consistent with the state guidelines.”™

officials also may seek injunctions for minor developments.®

Within the coastal zone, city and county governments must submit
implementation and enforcement plans to the state, which either approves the plan and
delegates enforcement authority or assumes enforcement until an adequate plan 1s
approved.” The Act authorizes the Secretary to seek injunctive relief, misdemeanor
criminal penalties for knowing and willful violations, and administrative civil penalties
of up to $250 for "minor developments" or $2500 for "major developments."* Local
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Stat. §§ 113A-64(a), (b).
Stat. §§ 113A-64.1, -65, -66.
Stat. § 143-214.5(b).

Stat. § 143-214.5(b).

Stat. § 143-214.5(d).

Stat. § 143-214.5(¢).

Stat. § 143-214.5(d).

Stat. § 143-214.5(d 1). See also N.C. Gen. Stat. § 143-214.5(a) (notwithstanding the Watershed

Supply Water Protection Act, "the reduction of agricultural nonpoint source discharges shall be
accomplished primarily through the Agriculture Cost Share Program for Nonpoint Source Pollution
Control.")

*N.C.
*N.C.
TN.C.
“N.C.
P N.C.
“N.C.
P N.C.
*N.C.
TN.C.
BN.C.

Gen.
Gen.
Gen.
Gen.
Gen.
Gen.
Gen.
Gen.
Gen.
Gen.

Stat. § 143-214.5(g).

Stat. § 113A-44.

Stat. § 113A-44.

Stat. § 113A-36(d).

Stat. § 113A-42.

Stat. § 113A-106.

Stat. § 113A-107.

Stat. § 113A-111.

Stat. § 113A-115.

Stat. §§ 113A-108, -111. The permit requirement and procedures and criteria for permit

issuance are found at N.C. Gen. Stat. §§ 113A-118 to -123.
" N.C. Gen. Stat. § 113A-117.

%-N.C. Gen. Stat. § 113A-126.

8- N.C. Gen. Stat. § 113A-126(b).
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